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HEMATOGENOUS  AND  OBSTRUCTIVE  ICTERUS. 
EXPERIMENTAL STUDIES BY MEANS  OF THE ECK FISTULA.* 
BY  G.  H.  WHIPPLE,  M.D.,  AND  C.  W.  HOOPER. 
(From the Hunterian Laboratory of Experimental Pathology, John,s Hopki~s 
Medical School, Baltimore.) 
The view  that  bile  pigments are  derived solely  from the hemo- 
globin of the blood corpuscles, and that  this change under physio- 
logical  conditions  is  brought  about  only in  the  liver,  is  generally 
accepted at  present.  It  is  possible that  the  evidence submitted in 
this and the following paper may give rise to doubts as to whether 
the mechanism of bile pigment formation can be explained in this 
simple fashion.  The older work on the subject  is  fully presented 
by Stadelmann and Minkowski, and will therefore not be discussed 
here.  The liver is the excretory organ  for bile pigments, and  the 
introduction of  bile  pigment  intravenously  (Stadelmann)  is  fol- 
lowed by a  sharp rise in the output of the bile pigments in the bile. 
The same thing occurs when hemin  (Briigsch and Yoshimoto)  or 
hemoglobin  (Tarchanoff)  is  injected intravenously,  or  when sub- 
stances are  administered which lake the hemoglobin in the vessels. 
But this does not prove that bile pigments can be  formed from no 
other material than hemoglobin. 
It is admitted by most workers that under certain conditions when 
blood  escapes  into  the  tissues  a  substance  (hematoidin)  may  be 
formed after a  considerable time which is chemically identical with 
bilirubin.  The  same  sequence  may  occur  in  the  pleural  cavities 
(Guillain and  Troissier).  This  reaction is thought to be  of little 
importance in explaining the general formation of bile pigments and 
the pigmentation of icterus. 
It  seemed  of  interest  to  study  the  various  types  of  icterus  by 
means of the Eck fistula which shunts the portal blood around the 
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liver  and  limits  its blood supply essentially to  the arterial  system. 
As an example of the first type of icterus in which large amounts of 
hemoglobin are set free in the circulation, the introduction of laked 
red blood cells  intravenously is less  confusing than hemolysis pro- 
duced in  vivo  by  immune sera,  toluylendiamin, etc.  It  could be 
argued  that  the  intoxication  produced  by  these  various  poisons 
(serum or drugs)  might modify the normal reaction of the organs 
and that deductions drawn from such experiments might be unjusd- 
fia:ble.  As an example of the second type of hematogenous icterus, 
the liver  w,as injured  severely by  chloroform anesthesia,  which  is 
known to cause liver cell necrosis.  It is thought that this cell injury 
and  necrosis may cause primarily capillary obstruction in  the bile 
canaliculi and secondarily icterus.  Simple obstructive jaundice was 
produced by ligating and cutting the common bile duct.  These three 
procedures represent fairly :accurately the various common types of 
icterus, the first two usually grouped under the term hematogenous 
and the last designated obstructive.  Most writers say that this is a 
forced classification, and that all  icterus is  in reality hepatogenous 
and therefore obstructive, whether affecting the finer bile capillaries 
or the larger ducts. 
METHOD. 
Dogs  were  used  in  all  the  experiments,  and  were  usually  strong,  healthy 
females.  Unless  otherwise  stated,  the  urine  was  obtained  by  catheter.  Hup- 
pert's  test  for  bile pigments  was  used  in  examining  concentrated  highly  colored 
urine  of  the  dog.  A  measured  amount  of  filtered  urine  was  precipitated  with 
calcium  chloride  in  a  solution  made  alkaline  by  sodium  carbonate.  The  pre- 
cipitate  was  thrown  upon  a  filter,  washed  with  water,  and  dissolved in  hot  acid 
alcohol.  By  concentrating  the  acid  alcohol to  a  fixed volume  (5  or  Io  c.c.)  the 
green color could be compared easily and a  rough estimate of the relative amount 
of  bile  pigment  readily  made.  The  Eck  fistula  operation  was  that  devised  by 
Jeger,  who  joins  the  portal  vein  and  the  vena  cava  by  means  of  clamps,  as  is 
done  in the  usual  operation  for lateral  entero-enterostomy.  Active diuresis  was 
usually secured by intravenous injection of normal saline solution  (0.9 per cent.) 
in  varying  amounts. 
EXPERIMENTAL  OBSERVATIONS. 
HEMOGLOBIN  INJECTED  INTRAVENOUSLY  INT0  A  NORMAL  DOG. 
Dog C-8o.--Large mongrel,  female;  weight,  28  pounds. 
June  3,  9  A.  M.  Dog  in  excellent  condition.  Urine  negative  for  bile  pig- 
ments.  II  A.  M.  Ether  anesthesia  begun,  ii.io  A.  M.  Red  blood  corpus- G.  H.  Whipple  and  C.  W.  Hooper.  595 
cles  (25  e.c.)  washed  with  salt  solution  and  laked  with an  equal  volume of  dis- 
tilled  water  were  injected  into  the  jugular  vein.  Following this  6oo  c.c.  of  o.9 
per cent. salt solution were introduced slowly intravenously.  II.2o A. M.  Urine 
(8  c.c.)  contains  hemoglobin  but  no  bile pigments.  II.5o A.  M.  Urine  is  deep 
red  in  color.  Io  c.e.  contained  much  hemoglobin  but  no  bile  pigments.  I2.Io 
P.M.  Urine  (II  c.c.)  is  dark  red  in  color.  Hemoglobin very  abundant.  Bile 
pigments  are  negative,  x2.4o  P.  M.  Urine  is  dark  red  in  color  and  contains 
much  hemoglobin.  Bile  pigments  are  positive.  2.Io  P.  M.  Urine  is  dark  red 
in  color.  Hemoglobin  is  abundant  and  bile  pigments  are  strongly  positive. 
3  P.  M.  Urine  is  dark  red  in  color.  Hemoglobin  is  abundant.  Bile  pigments 
are  positive.  5.3o  P.  M.  Urine  amber  colored.  Bile pigments  and  hemoglobin 
are  absent. 
June 4,  9 A.M.  Dog is in excellent condition.  Urine is  clear amber colored. 
Bile  pigments  and  hemoglobin  are  negative.  The  dog  was  used  later  for  a 
similar  experiment  after  the  liver had  been  excluded  from  the  circulation,  and 
the  reaction  in  general  was  found  to  be  the  same. 
Dog  C-83.--Black mongrel,  female;  weight,  I7  pounds. 
May 28, 9.40 A.M.  Dog in excellent condition.  Urine is dark  amber colored. 
It  contains  no bile pigments  and  no  hemoglobin,  t~ther  anesthesia  and  bleeding 
from  the  external  jugular  vein.  The  red  blood  cells  were  obtained  by  centri- 
/ugalization,  washed,  and  finally  28  c.c.  of  washed  red  blood  cells  were  laked 
with an  equal quantity of distilled water and  injected  intravenously,  followed by 
6oo c.e.  of o.9 per cent.  salt solution.  Io.4o A. M.  Urine is dark  reddish  brown. 
Hemoglobin  is  abundant  and  bile  pigments  are  present.  II.4O  A.  M.  Urine  is 
similar  in  appearance.  Hemoglobin  is  abundant  and  bile  pigments  are  present 
in  small  amounts.  I2.4o  P.  M.  Urine  is  dark  reddish  brown.  Hemoglobin  is 
abundant  and  bile  pigments  are  positive.  2.3o  P.  M.  Urine  is  dark  reddish 
brown.  Bile pigments  and  hemoglobin as  in  the previous  specimen.  4.3o  P.  M. 
Bile  pigments  are  present  and  hemoglobin  is  still  abundant. 
" May  29,  9  A.  M.  Urine  is  concentrated  and  dark  amber  colored.  Hemo- 
globin  is  absent  and  the  bile  pigment  test  is  suspicious  but  not  positive. 
May  30,  9 A.M.  Dog is well.  Urine is  clear  and  contains  no  bile pigments 
and  no  hemoglobin.  The  dog  was  used later  for  a  similar  experiment  after 
partial  exclusion  of  the  liver,  and  the  reaction  was  found  to  be  practically 
identical. 
Dog C-53.--Bull dog,  female; weight, 27 pounds. 
May 26, 9 A.M.  Urine is clear amber colored and  contains no bile pigments. 
9.30  A.  M.  Blood  was  taken  from  the  external  jugular,  centrifugalized,  and 
the  red  blood  cells were  washed  with  salt  solution.  3o  c.c.  of  these  red  blood 
cells  were  then  laked  with  an  equal  volume  of  distilled  water  and  injected 
intravenously. 
9.45  A.  M.  Injection  of  red  blood  cells  is  followed  by  the  injection  of 
500  e.c.  of 0.9  per cent.  salt  solution.  II  A.M.  Urine  (20 c.c.)  is  a  turbid,  red 
color  and  contains  no  bile  pigments  but  abundant  hemoglobin.  II.3o  A.  M. 
Urine  is  a  turbid  red  color.  Io  c.c.  give  positive  tests  for  bile  pigments,  and 
hemoglobin  is  abundant.  I  P.  M.  Urine  is  dark  red  in  color.  Io  c.c.  give 
positive bile pigment  tests  and  abundant  hemoglobin.  3  P.  M.  Urine is  a  red- 
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tain  hemoglobin.  4.45  P.  M.  Urine  is  amber  colored  and  contains  no  hemo- 
globin.  IO c.c.  give  a  positive suspicious  test  for  bile pigments. 
May  27,  9  A.  M.  Urine  is  clear  amber  colored.  Negative  for  hemoglobin 
and bile pigments. 
HEMOGLOBIN  INJECTED  INTRAVENOUSLY  INT0  AN  ECK  FISTULA  DOG  AFTER 
SFLENECTOIvI  Y. 
Dog  C-79.--Mongrel,  female;  weight,  22 pounds. 
May  25,  11 _A_. M.  Dog  is in excellent  condition.  Ether  anesthesia  and  oper- 
ation  as usual with the production of an Eck fistula and extirpation of the spleen. 
May  26.  Dog  is  making  an  excellent  recovery. 
June  I,  9.40  A.  M.  Ether  anesthesia  and  blood  drawn  from  the  external 
jugular vein.  The  red  blood  cells  were  obtained  and  washed  in  the  usual  way. 
5oo c.c.  of o.9 per cent. salt solution were given intravenously.  IO A. M. 3o c.c.  of 
red  blood  cells  were  laked  with  an  equal  volume  of  distilled  water  and  in- 
troduced  intravenously.  Urine  is  clear  amber  colored,  and  is  negative  for  bile 
pigments  (IO  c.c.),  lO.IO  A.  M.  Urine  has  a  slight  reddish  tinge  and  con- 
tains hemoglobin.  2o c.c.  are  negative  for  bile pigments,  lO.25  A.  M.  Urine is 
red  in  color.  30  c.c.  contain  hemoglobin  and  no  bile  pigments.  II.OO A.  M. 
Clear  reddish  urine.  7o  c.c.  contain  hemoglobin  and  give  a  positive  test  for 
bile  pigments.  II.3O  A.  M.  Urine  is  a  clear  reddish  color.  I3O  c.c.  contain 
hemoglobin,  and  bile  pigments  are  positive.  I2.3o  P.  M.  Clear  reddish  urine. 
6o  c.c.  contain  hemoglobin,  lO  c.c.  give  a  positive  test  for  bile  pigments.  3 
P.M.  9o  c.c.  of  clear  urine  is  free  from  hemoglobin.  2o  c.c.  give  a  positive 
test  for  bile pigments.  5.3o  P.  M.  4o c.c.  of  clear  amber  colored  urine  is  neg- 
ative  for  bile  pigments  and  hemoglobin. 
June 2,  A.  M.  Clear amber colored  urine.  2o c.e.  are  negative  for  bile pig- 
ments  and  hemoglobin. 
June 9.  Dog  has  convulsions and  died  after  a  few  minutes. 
Autopsy.--Performed  at  once.  The  heart,  lungs,  and  thorax  are  negati~e. 
The  stomach,  intestine,  and pancreas  are  normal.  The  liver is  rather  small and 
somevebat pigmented.  Bile can  be  squeezed  from  the  gall  bladder  into  the  duo- 
denum.  The  Eck  fistula  is  perfect.  .The  ligature  on  the  portal  vein  is  just  at 
the  hilum  of  the  liver  and  there  are  no  collaterals  into  the  portal  vein  above 
this  point.  There  are  very  few  adhesions  about  the  site  of  operation.  The 
kidneys  are  large  and  on  removal  of  the  capsule  show  a  mottled  cortex,  pale, 
in general, but specked with pink and  reddish areas as  well  as  ecchymoses.  The 
cortex is wide  and rather irregular on section. 
Microscopical  Examination.~An  acute  suppurative  nephritis  is  present. 
There  are  great  numbers  of  pus  cells  in  the  stroma  as  well  as  in  the  tubules. 
Examination  of  the  urine  at  autopsy  shows  an  enormous  amount  of  albumin. 
The liver is  practically normal,  except  for  a  certain amount  of  pigmentation of 
the  Kupfer  cells,  which  undoubtedly  is  associated  with  the  injection  of  hemo- 
globin.  There  are a  few  pus  cells  in the capillaries  but no liver cell  injury. 
HEMOGLOBIN  INJECTED  INTRAVENOUSLY AFTER  SPLENECTOMY. 
Dog C-92.--Small mongrel,  female;  weight,  I4 pounds. 
June  I4.  Ether anesthesia  and  extirpation of  the  spleen,  which  was  normal. G.  H.  Whipple  and  C.  W.  Hooper.  597 
June 2I.  Animal is in  excellent condition.  9.30  A.  M.  Ioo  c.c.  of  urine are 
negative  for  hemoglobin,  and  50  c.c.  are  negative  for  bile  pigments.  Io  A.  M. 
Ether  anesthesia  and  blood  removed  from  the  jugular  vein.  The  red  blood 
cells  (25  e.c.)  were  washed  and  laked  with  distilled  water  in  the  usual  way. 
IOJ5  A.  M.  Dog  is  given  30o  c.c.  of  0.9  per  cent.  salt  solution  intravenously. 
Io.3o A.  M.  Urine  (Io  c.c.)  gives a  negative test  for  bile pigments.  The  laked 
red  blood cells  are  introduced  intravenously and  followed  by 350 c.c.  of  0.9  per 
cent.  salt  solution.  Hemoglobin  appears  in  the  urine  in  seven  minutes.  Ether 
anesthesia  discontinued.  II  A.  M.  Urine  (25  c.c.)  is  deep  claret  red  in  color, 
and  shows  large  amounts  of  hemoglobin.  Bile  pigment  tests  are  negative. 
n.3o A.  3/I.  Urine is  dark red in color,  n  c.e.  were negative  for bile pigments 
and  contained  large  amounts  of  hemoglobin.  I2  M.  Urine  is  dark  red  and 
rather  turbid.  I5  c.c.  gave  a  faintly positive test  for  bile  pigments,  and  hemo- 
globin  was  conspicuous.  I2.3o  P.  M.  Urine  is  dark  red  in  color.  I5  c.c. 
show  a  large  amount  of  hemoglobin,  and  Io  c.c.  give  a  positive  test  for  bile 
pigment.  I  P.  M.  Urine  is  dark  claret  red.  I2  c.c.  contain  much  hemoglobin 
and  give  a  strongly  positive  test  for  bile  pigments.  3  P.  M.  Urine  (50  c.c.) 
is pale red in color,  and contains hemoglobin.  I5  c.c.  give a  strong positive test 
for  bile  pigments.  5  P-  M.  Urine  (Ioo  c.c.)  is  pale  red  in  color,  contains 
hemoglobin, and gives  a  strong test  for  bile pigments. 
June 22, 9  A.  1V[.  Urine  (25 c.c.)  contains no  hemoglobin and gives  a  strong 
test  for  bile pigments. 
June  23.  Urine  (20  c.c.)  gives  a  very  faint  test  for  bile  pigments. 
TABLE  I. 
Hemoglobin  Injected  Intravenously. 
No, of 
dog. 
C-8o 
C-83 
C-53 
C-79 
C-9s 
Condition. 
Normal 
Normal 
Normal 
Eck fistula and extirpa- 
ation of spleen 
Extirpation of spleen 
Laked 
blood 
corpuscles. 
35 c.c. 
25  c.c. 
30 c.c. 
3 0  c.e. 
s5 c.e. 
Hemoglobin in urine. 
Beginning.  End. 
i 
i  Io'min.  6 hrs. 
:, 5 ~  min.  8-t-hrs. 
5 =~ min.  7 hrs. 
6 min.  5 hrs. 
7 rain.  7-t- hrs. 
Bile in urine. 
Beginning.  End. 
I½ hrs.  6 hrs. 
I  hr.  24 hrs. 
II hrs.  7 hrs. 
I  hr.  73 hrs. 
I½ hrs.  48 hrs. 
In our preliminary experimems ,an effort was made to study the 
formation and excretion of bile pigments following an injection of 
laked  red corpuscles into  the peritoneal  cavity.  The  reaction  fol- 
lowing this procedure was not satisfactory for our needs in the 1,ater 
experiments with liver exclusion, as the ini,tial  appearance of hemo- 
globin and bile pigments in the urine was often greatly delayed.  In 
the  same way the  action  of  several  poisons  was  tried,  the  object 
being ,a rapid hemolysis in vivo with a  study of the pigments in the 
urine.  There is of,ten considerable delay in this reaction, and it was 598  Hematoge~wus  and  Obstructive  Icterus. 
thought that objections could be raised to such experiments with the 
introduction of toxic substances which may have manifold actions 
on various organs and tissues, besides the desired action of hemolysis. 
The introduct.ion of red corpuscles obtained from the same dog, 
washed and laked with distilled water,  seemed to .offer least objec- 
tions  and  gave  the  most  satisfactory  results.  This  simulates  the 
explosive type  of paroxysmal hemolysis which  is  seen  in patients 
with paroxysmal hemoglobinuria and in blackwa~er fever.  In such 
cases  the  appearance of pig-ments .in  the urine  and  body fluids  is 
familiar and similar to .our experiments with dogs. 
In the type experiments cited and tabulated above it is found that 
after  intravenous  injection of  hemoglobin the pigments appear  in 
the urine .after a  constant space of time: hemoglobin after  five to 
ten minutes, and bile pigments in one to one and a half hours.  The 
duration of  excretion varies  considerably in  normal dogs, but  the 
hemoglobin  disappears  before  the  bile  pigmen,  ts,  usually  within 
twelve hours.  The Eck fistula dogs react exactly as do the normal 
dogs and this fact is worthy of consideration.  It is known from the 
work of Burton-Opitz that about three fourths of the Mood flowing 
through the liver comes by way of the portal vein, the remainder 
being  furnished by the hepatic artery.  If  the  elaboration  of bile 
pigments is effected solely by the liver epithelium, it is striking that 
the time of appearance of bile pigments in the urine is not delayed 
by an  Eck fistula,  which greatly lowers  the blood volume passing 
through the liver.  This point will be touched upon later, and it will 
be  seen that ,the  bile  pigments appear  in  the usual  time after  the 
injection of hemoglobin when an Eck fistula is combined with liga- 
tion of the hepatic artery.  This prevents active hepatic circulation 
and the dogs die from hepatic insufficiency. 
/%TOR1VIAL DOG.  CHLOROFORM ANESTHESIA.  JAUNDICE. 
Dog C-x9.--Large  young mongrel,  female;  weight,  23 pounds. 
January 3o,  II  A.  M.  Chloroform anesthesia for 23/4 hours  was given at  the 
same  time  and  under  similar  conditions  with  dog  C-2o.  Urine  obtained  at 
the  end  of  anesthesia  was  concentrated  (I5  c.c.)  and  negative  for  bile  pig- 
ments.  7  P.  1Y[.  Urine  is  negative  for  bile  pigments.  January  3~,  IO  A.  M. 
Urine  (250  c.c.)  is  orange  yellow  in  color.  Bile  pigments  are  present  in  large 
amounts.  Dog  is  sick  and  weak. 
February  I,  3  P.  M.  Urine  (70  c.c.)  is  clear  orange  yellow.  Bile  pigments G.  H.  Whipple  and  C.  W.  Hooper.  599 
are  present  in  large amounts.  Dog is  slightly improved.  No  vomiting.  There 
is  slight jaundice of the  mucous  membranes  and  scler~e. 
February  2,  Io  A.  M.  Urine  (400 c.c.)  obtained  from  under  the  cage  is  a 
deep  orange  yellow  and  gives  only  a  faintly  positive  test  for  bile  pigments. 
Dog is improving. 
February  3.  Dog  is  in  fairly  good  condition.  Jaundice  has  cleared  up. 
Urine is concentrated and highly colored and gives a  faint trace of bile pigments. 
February  4.  Dog  has  lost  considerable  weigh~,  I7~  pounds,  but  seems  in 
good condition. 
ECK  FISTULA.  CHLOROFORI~  A!'q'ESTHESIA.  J-AUNDICE. 
Dog C-21.--Mongrel, female; weight, about 35  pounds. 
January  4-  Ether  anesthesia  and  production  of  an  Eck  fistula  in  the  usual 
manner. 
January  3o,  II  A.  M.  Chloroform  anesthesia  for  2~  hours.  The  experi- 
ment  was  conducted  at the  same time and  under  the  same conditions with  dog 
C-I9.  Urine  obtained  before  anesthesia  contains  no  bile  pigments.  No  urine 
was  obtained  from  the  bladder  at  the  end  of  the  anesthesia.  7  P.  M.  Urine 
obtained  in  the  cage  contains  no  bile  pigment.  January  3I,  Io  A.  M.  Dog  is 
quiet  and  does  not  vomit.  Urine,  collected under  a  clean  cage,  is  highly  col- 
ored  and  gives a  positive test  for  bile  pigments  which,  however,  are  not  very 
abundant. 
February  ~.  Dog  does  not  seem  very  sick  and  will  eat.  Jaundice  is  well 
marked  in  the  skin,  mucous  membranes,  and  scler~.  Urine  is  clear  amber  col- 
ored,  and  in parallel tests  with dog C-I9 contains  the same amount of pigments 
in  the  same  volume of urine. 
February  2.  Dog  refuses  food.  Urine obtained  from  under  the  cage gives 
a strong pigment test, much more so than an equal amount from dog C-I9. 
February 3.  Dog is in poor condition.  Urine obtained  from below the cage 
gives  a  positive  test  for  bile  pigments. 
February 4-  Dog is improving and eats well.  Bile pigments are suspicious in 
the  urine  and  the  test  is  not  positive. 
February  2o.  Dog is  found in  convulsions.  Given ether  and  bled  to  death. 
Autopsy.--The heart  contains  one  large  filaria.  The  lungs,  spleen,  kidneys, 
pancreas,  and  intestines  are  normal.  The  stomach  contains  a  large  amount  of 
food including bones.  The abdominal  cavity shows  only a  few adhesions  about 
the  site  of  operation  between  the  liver  and  duodenum.  The  fistula  shows  a 
perfect  result  with  a  large  opening.  The  ligature  on  the  portal  vein  obliter- 
ates  the  lumen.  Just  above  the  ligature  there  is  a  tiny  thread-like  collateral 
opening  into  the  portal  vein  above  the  ligature,  communicating  with  the  gas- 
trohepatlc  omentum  through  which  a  very  small  amount  of  blood  could  get 
into  the  portal  vein. 
The liver is  small  and  of a  greenish yellow color.  The Iobules  are  conspic- 
uous  and  the  organ  cuts  with  difficulty.  The  centers  are  brownish  and  the 
edges  of the  lobules  are  yellow. 
Microscopical Examinatiou.--Sections show  a  great  deal  of  fat  throughout 
the  liver  lobule.  The  lobules  are  rather  small.  In  the  centers  of  the  Iobules 
one  finds  little  balls  and  clumps  of  yellow granular  pigment,  undoubtedly  the 600  Hematogenous  and  Obstructive  Icterus. 
result of the liver injury due to chloroform followed by healing which has been 
practically complete.  In these areas one finds also a few wandering mononuclear 
cells. 
TABLE  II. 
Chloroform  .dnesthesia.  Jaundice. 
Time. 
Jan.  3o ..................... 
II:OO A.M.  to  I:45  P.  M ...... 
2:oo P.M .................... 
7:oo P.  M  .................. 
Jan.  31 ..................... 
Feb.  I  ...................... 
Feb.  e  ...................... 
Feb.  3 ..................... 
Feb.  5 ..................... 
Normal dog (C-I9).  Eck fistula dog (6-2z). 
Urine in c.c.  Bile pigment.  Urine in c.c.  I  Bile pigment. 
[ 
20 
I5 
15 
I0 
I0 
I0 
I0 
I  I 
o  io  I  o 
Chloroform  anesthesia  for 21 hrs. 
0  0 
0  20 :e=  0 
++++  zo  ++ 
++++  io  ++++ 
+(?)  ~o  +++ 
+(?)  Z  io  ++ 
--  I  12  +(?) 
The two preceding experiments  are types giving a  fair picture of 
the  result  of chloroform  anesthesia.  The  experiments  were  done 
at the  same time  and under  similar  conditions  for comparison.  It 
is  known  (Whipple  and  Sperry)  that  the  injury  following chloro- 
form  poisoning  is  practically  limited  to  the  1.iver where  a  central 
necrosis is the characteristic lesion.  This lesion is produced in dogs 
with  Eck  fistulae,  but  is  much  less  easily produced  than  in  normal 
dogs,  and  usually of  a  more  1.imited  extent.  In  other  words,  the 
liver of an Eck fistula dog is resistant to chloroform injury. 
Fischler  and  Bardach  have  shown  the  same  resistance  to  phos- 
phorus  poisoning  in  Eck  fistula  dogs  and  Claim  that  this speaks 
against  the  specificity of  the  toxic  action  of  phosphorus  upon  the 
liver.  Surely there can be nothing more specific than  the action of 
chloroform .on the liver, yet the injurious action is less evident in a 
dog with  an Eck fis,tula.  It  is not difficult to understand  why this 
injury is less evident, .when we consider that the portal blood is cut 
out  of  the  liver  lobules,  where  the  circulation  must  be  relatively 
sluggish,  and  consequently  the  parenchyma  cells  are  brought  into 
con,tact with  only a  fractional  part  of the  injurious  agent,  as  com- 
pared with the normal circulatory volume.  The liver cells are some- 
what atrophied  and  presumaNy not as active as  normally,  a  condi- 
tion which might modify their susceptibility to a  given drug. 
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lesion was present in both,  namely, a  central necrosis of each liver 
lobule.  Of the extent of this necrosis we cannot be sure, as no tis- 
sue was  removed for examination.  Icterus appeared  in  both  ani- 
mals, and bile pigments in ,the urine.  The bile pigments in the urine 
of the Eck fistula dog showed some delay in appearance but persisted 
longer, and we may explain the long duration by a  necessary delay 
in the healing and reparative process which always follows this liver 
injury.  Of  necessity the  normal  liver  with  its  rich  blood  supply 
would  repair  and  regenerate the liver cells more  rapidly than the 
liver supplied with blood .only by the hepatic artery.  On the second 
day, the time of maximum liver injury and intoxication, the amount 
of bile pigments in the urine was the same in the two dogs. 
How can we explain this parallelism in ,bile pigmentation of the 
urine, as it is clear that dogs with Eck fistula secrete less bile than 
normal dogs?  It  is  not enough to say that  the liver necrosis and 
injury  cause  a  capillary  obstruction  in  the  biliary  tree,  for  the 
amounts of bile pigment excreted are not similar in these two condi- 
tions.  We  must  refer  to  the  work  of  Joannovics  and  Pick  who 
showed  in  poisoned  livers  the  presence .of  a  powerful  hemolysin. 
Granting  the  presence  of  such  a  hemolysin,  it  is  quite  simple  to 
explain this equal formation of bile pigments. 
We do not claim that chloroform anesthesia for a unit period will 
always cause a  uni,t grade of icterus and pigmentation .of the urine. 
As a  rule, the liver injury will be much less in an Eck fistula dog, 
and therefore the bile pigment excretion in the urine somewhat less 
than in a normal dog.  But it is evident that the maximum pigment 
excretion is similar in Che two conditions and happens on the second 
day after the injury.  Fischler and  Bardach  observed less  intense 
icterus with phosphorus poisoning in Eck fistula dogs as compared 
with normal controls, and one may expect a  certain degree of paral- 
lelism between the extent of the liver injury and the escape of bile 
pigment from the liver into the general circulation. 
ECK  FISTULA.  OBSTRUCTIVE  JAUNDICE. 
Dog  C-Io.---Large  bull  dog,  female. 
February  I7.  Ether  anesthesia  and  Eck  fistula  produced  as  usual.  The 
animal recovered rapidly and was in excellent health during the following mouth. 
April  3o.  Ether  anesthesia  and  operation.  The  common  bile  duct  was  iso- 
fated,  ligated  doubly,  and  cut  between  ligatures. 602  Hematogenous  and  Obstructive  Icterus. 
May  i.  Dog  in  excellent  condition.  No  apparent  icterus  of  the  sclerotics. 
Urine  is  clear  amber  colored.  5  c.e.  give a  positive  bile  pigment  test. 
May  2.  Feces  are  clay  colored.  Urine  is  concentrated  and  gives  a  strong 
test  for  bile  pigments. 
May  3.  Mucous  membranes  show  a  definite  icteric  tinge.  Urine  is  highly 
colored but  contains  no hemoglobin.  Bile pigments  are  abundant. 
May  4  and  5.  Condition  is  unchanged. 
May 6.  Dog is very active.  Skin and  mucous membranes  all show a  definite 
lemon color.  Urine contains  a  large amount  of bile pigment. 
May  7,  9,  and  I I.  Condition  unchanged.  The  urine  is  constantly  positive 
for bile pigments. 
May  I3  to  I6.  Condition  excellent.  Feces  clay  colored.  Urine  gives  a 
strong  bile  pigment  test. 
May  I8 to 20.  Skin and  mucous  membranes  are  definitely jaundiced.  Feces 
are  clay  colored.  Bile  pigments  are  present  in  the  urine. 
May  22.  Condition  unchanged.  5  c.c.  of  urine  give  a  positive test  for  bile 
pigment. 
May 24  to  28.  Condition  is  unchanged.  Dog  is  active and  shows  the  same 
grade of icterus.  Weight, 33 pounds.  5 c.c.  of urine give a  positive test  for bile 
pigments.  Feces  are  clay  colored.  Urobilin  and  stercobilin  are  absent. 
May  30.  Condition  is  unchanged.  Bile  pigments  in  5  c.c.  of  urine  are 
positive.  Urobilin  and  stercobilin  tests  are  negative. 
June  I  to  5.  Condition  is  unchanged. 
June 7 to 9.  Icteroid color is constantly present.  5 c.c. of urine give positive 
tests  for  bile  pigments. 
June  II.  Dog is  in good  condition;  weight,  34 pounds.  5  c.c.  of urine  give 
a  positive test  for  bile pigments. 
June  x4  to  27.  Condition  remains  unchanged.  Urine  tested  every two  days 
shows  positive  tests  for  bile  pigments  in  5  c.c. 
June  29  to  July  7.  Condition  is  unchanged.  The  jaundice  seems  to  be 
clearing  slightly  in  the  skin  and  conjunctivae.  Urine,  however,  still  gives  pos- 
itive  bile  pigment  tests.  Feces  are  clay  colored. 
July II to I9.  Urine contains a  little less bile pigment.  Io c.c. give a  positive 
test  of  the  usual  intensity. 
July  22.  Weight,  32  pounds.  Feces  are  clay  colored.  Stercobilin  and  uro- 
bilin  tests  are  positive.  The  urine  gives  a  positive  bile  pigment  test  in  Io  c.c. 
July  24  .  Dog in  excellent  condition.  Weight,  30  pounds.  Ether  anesthesia 
and bled to death.  Urine obtained  from the bladder gives a  positive test  for bile 
pigments.  35  gm.  of  omental  fat give a  positive test  for  bile pigments.  50  c.c. 
of  serum  give a  strongly  positive  test  for  bile pigment. 
Autopsy.--Performed at  once.  The  subcutaneous  tissue,  mucous  membranes, 
and  scler~e  show a  definite ieterie tint.  The  subcutaneous  fat  throughout  is  not 
abundant  but is definitely pigmented.  The thorax,  lungs, heart,  spleen, pancreas, 
and  kidneys  are  normal.  The  peritoneal  cavity  shows  some  old  adhesions 
around  the  sites  of  operation.  The  liver is  small,  rather  tough  on  section,  and 
deep  brown  with  a  definite  greenish  tint.  The  lobnlation  is  regular.  The  gall 
bladder  is  enlarged  and  tense.  Its  wall  is  definitely thickened. 
The  common  bile  duct  is  dilated  and  thickened,  measuring  about  2  cm.  in G.  H.  Whipple  and  C.  W.  Hooper.  603 
diameter.  The  intestines  are  cut  away  and  opened.  They  contained  pasty 
feces  showing  signs  of  bile pigmentation.  The  duodenum  is  opened  carefully 
and the papilla opened and washed out.  Much pressure upon the distended gall 
bladder caused  the  oozing of  a  tiny  drop of  bile, showing  that  communication 
had  been  established in  some  way  and  that  bile was  escaping very slowly into 
the  intestinal  loop.  Dissecting  up  from  the  papilla one  came  to  the  ligature 
which was lying in the wall of the duct which  is thickened at this  point.  The 
other  ligature was  embedded in adhesions lying in  the wall of the dilated duct 
above, a distance of about ~ cm., the distance which the cut ends usually separate 
at the time of section.  Between these two  ends  is  a  small smooth lined cavity 
containing  bile-stained material which  communicated  by a  tiny  tortuous  fistula 
with  the  lower end  of the  dilated common  duct,  and again with  the  upper  end 
of  the  distal  portion  of  the  common  duct.  The  common  duct  above  the 
ligature is dilated and thickened, lined with intact mucosa, and contains tenacious 
dark  green  bile.  The  fact  that  the  bile  duct  can  establish  a  lumen  in  this 
peculiar manner where it has been doubly ligated and cut shows the necessity of 
careful autopsies in such experiments. 
The Eck fistula was perfect.  The ligature on the portal vein above the fistula 
obliterated the  lumen  completely.  Just  above this  ligature one  tiny  thread-like 
collateral  communicated  with  the  gastrohepatic  omentum,  and  through  this 
collateral a  very small amount  of blood could get  into  the  portal vein. 
Microscopical Examlnation.--The liver shows normal parenchyma cells except 
for  atrophy  and  a  trifling  amount  of  fatty  change.  The  bile  capillaries  are 
conspicuous in places and contain yellow colloid material.  The connective tissue 
about the bile ducts  and  portal spaces is increased, and  in  these areas  one  sees 
some  bile  duct  proliferation.  In  addition mononuclear  and  polymorphonuclear 
cells are  found in  these areas, some of  the large  mononuclear  cells being filled 
with  pigment.  The  kidneys are normal. 
The  preceding  experiment  (dog  C-Io)  deserves  especial  notice 
as  the animal  was  in  excellent condition  during  the  entire  observa- 
tion, and tests for the amount  of bile pigment were made daily during 
the first month  and every second day until ,the end of the experiment, 
a  period  of  twelve  weeks.  The  Eck  fistula was  produced  on  Feb- 
ruary  17  and the  dog  followed carefully in connection with  another 
experiment.  The  common  bile  duct  was  ligated  and  cut  on  April 
3 o,  and  after  this  date bile pigmenCs  were  constantly present  in  the 
urine  in  uniform  amounts.  On  the  third  day  later  one  could  see 
a  faint icteric coloring of  the mucous  membranes  and  after  a  week 
the jaundice became constant  and remained  obvious to casual obser- 
vation  even  in  the  skin,  mucous  membranes,  and  sclera~.  The 
weight  showed  a  fairly constant  level.  During  the  last two  weeks 
the  bile pigments  lessened  in  amount  and  about  double  the  amount 
of urine  was needed to give ~.he same  green  color in  Huppert's  test. 604  Hematogenous  and  Obstructive  Icterus. 
Stercobilin  and  urobilin,  which  had  been negative before this,  now 
were present  in  the  feces and  urine,  and  it  seemed clear that  some 
bile pigments must be escaping into the alimentary canal.  We were 
at a loss to understand  this until at autopsy a tiny fistulous tract was 
found between the separated  ends of the common bile duct,  permit- 
ting the escape of a  little bile into the duodenum.  The  obstruction 
was  still  obvious  and  all  the  passages  and  the  gall  bladder  were 
dilated and thickened. 
The observation that the common duct can establish its continuity 
after  double  ligation,  cutting,  and  separation  of  the  ends  is  of 
interest  in connection  with  experimental  work  on obstructive jaun- 
dice and calls  for careful post-mortem examination.  A  second dog 
(C-55)  showed an identical result about .one month after the opera- 
tion.  The  following experiments  confirm  this  in  every  particular. 
Extirpation of the spleen does not modify the picture. 
ECK  FISTULA.  EXTIRPATION  OF  THE  SPLEEN.  OBSTRUCTIVE  JAUNDICE. 
Dog C-9o.--Small mongrel,  female;  weight,  IO~  pounds. 
June 7,  9  A.M.  Urine is  clear  amber  colored  and  contains  no  bile pigment. 
Ether  anesthesia  and  Eck  fistula  produced.  The  common  bile  duct  is  isolated 
and  cut  between  the  ligatures.  The  spleen  is  extirpated. 
June  8.  Urine  (5  c.c.)  contains  bile  pigment. 
June  9.  Urine  contains  considerable  bile  pigment. 
June  Io.  The  mucous  membranes  and  skin  show  faint  yellowish  tingeing. 
Animal  refuses  food  and  is  fed  by  stomach  tube.  Bile  pigments  are  constantly 
present in  the urine.  Feces  are  clay  colored.  Urobilin  and  stercobilin tests  are 
negative. 
June  I2.  Condition  continued  the  same.  Bile  pigments  are  present  in  con- 
siderable  amounts. 
June  I3.  Weight,  93~  pounds. 
June  I4  to  I6.  Urine  contains large  amounts  of  bile  pigments  in  5  c.c. 
June  I7.  Stools  are  clay  colored  and  semifluid.  Urobilin  and  stercobilin 
tests are negative.  Bile pigments are abundant in the urine. 
July  19  to  22.  Condition  remains  unchanged.  Bile  pigments  are  present 
constantly in the urine;  the skin and mucous  membranes show  definite jaundice. 
July  23.  Dog  is  rather  weak  and  vomits  after  being  fed  by  stomach  tube. 
5  P.  M.  Ether  anesthesia  and  bleeding  from  the  carotid.  25  c.c.  of  blood 
plasma give a  strong bile pigment test. 
Autopsy.--Performed  at  once.  The  subcutaneous  fat  has  undergone  ad- 
vanced  atrophy.  All  the  tissues  show  the  bile  tingeing.  The  heart  is  normal. 
The  lungs  show  scattered  patches  of  bronchopneumonia  from  I  to  3  cm.  in 
diameter.  Stomach,  pancreas,  and  intestine  are  normal.  The  feces  in  the 
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The  Eck  fistula  is  patent  and  the  portal  vein above  the  fistula  is  completely 
occluded  by  the  ligature  above  it.  Careful  dissection  shows  not  the  smallest 
collateral.  The  gall  bladder  and  common  duct  are  greatly  dilated,  but  only 
slightly  thickened,  and  they  contain  dark,  slimy  bile.  The  cut  ends  of  the 
common  bile  ducts  are  separated  a  distance  of  about  2  cm. 
Microscopical  Examination.---The lungs  show  areas  of  bronchopneumonia 
with  beginning  abscess  formation.  There  is  a  slight  increase  in  connective 
tissue  about  the  portal  spaces  of  the  liver.  The  edges  of  the  lobules  show 
normal  liver parenchyma.  The  center  of  the lobule shows  some congestion  and 
a  slight amount of atrophy of the parenchyma.  In addition there are large phag- 
ocytes  containing  yellow  granular  pigment,  and  in  places  the  bile  canaliculi 
are  dilated  with  a  greenish  colloid  substance. 
ECK  FISTULA.  OBSTRUCTIVE J'AUNDICE.  CItLoROFORM  POISONING. 
Dog C-4o.--Mongrel, female;  weight,  I6 pounds. 
April  2.  Ether  anesthesia  and  Eck  fistula  produced  as  usual.  The  common 
bile  duct  was  ligated  in  two  places  and  cut  between  the  ligatures.  Urine  ob- 
tained  before  the  operation  was  clear  amber  colored  and  contained  no  bile 
pigments. 
April  3.  Dog  is  in  good  condition  and  eats  well.  Urine  is  pale  amber 
colored  and  contains  bile  pigments. 
April 4.  Dog  refused  food.  Urine  is  concentrated  and  dark  reddish  brown 
in  color.  It  contains  bile  pigments. 
April 5.  Bile pigments are  strongly  positive in the urine. 
April  6.  Dog  refuses  food  and  is  given  milk  by  stomach  tube.  Urine  is 
concentrated  and  contains  bile pigments. 
April  7.  Condition  slightly  improved.  Urine  contains  bile  pigments. 
April 8  and  9.  Wound  is  clean  and  animal  is  slowly improving.  The  urine 
gives  a  positive  test  for  bile pigments. 
April  Ix  and  I2.  Condition  remains  unchanged.  The  scter~e  and  skin  show 
definite  lemon yellow jaundice  pigmentation. 
April  I3,  9.30  A.  M.  Dog  is  given  intraperitoneally  30  c.c.  of  washed  red 
blood corpuscles  laked in distilled water.  The urine  from 9.3o  A. IV[. to 4  P.  IV[. 
showed  a  constant  amount  of  bile  pigments,  but  after  this  time  it  showed  an 
increasing  amount  of  bile  pigments,  tests  being  made  in  each  instance  on 
2  c.c.  of urine  and  under  similar  conditions. 
April  14.  Urine contains  a  large amount  of bile pigments. 
April  I5.  Urine  (2  c.e.)  gives a  strong  test  for  bile pigments.  Hemoglobin 
has  been  negative  in  the  urine  during  the  past  two  days. 
April  I6.  Bile pigments  have  diminished  to  the  normal  level. 
April  I7.  Dog  shows  definite  bile  tingeing  of  the  mucous  membranes  and 
the  skin.  Feces are clay colored and  bile pigments  have been  constantly  present 
in  the urine. 
April I9.  Dog is improving.  Sclerotics and mucous membranes are definitely 
pigmented.  4 c.e.  of urine give a  positive bile pigment test. 
April  20.  The  experiment  performed  on  April  I3  was  repeated  and  the 
findings  were  identical. 
April  23 .  Dog  will  not  eat  and  is  given  food  by  stomach  tube.  Urine  is 606  Hematogenous  and  Obstructive  Icterus. 
clear  amber  in  color.  4  c.c.  give  a  definite  test  for  bile  pigment.  Chloroform 
anesthesia  for  two  hours. 
April 25.  Dog is quite sick and  will not eat; has lost a  great  deal  of  weight. 
Weight,  IO  pounds.  The  urine  contains  bile  pigments.  Ether  anesthesia  and 
bleeding  from  carotid. 
Autopsy.--Perf'ormed  at  once.  The  blood  plasma  gives  a  strong  positive 
test  for  bile pigments.  The  thorax,  heart,  and  lungs  are  normal.  The  spleen, 
pancreas,  stomach,  and  intestines  are  normal.  The  kidneys  show  tiny  linear 
abscesses  through the cortex  and  pyramids,  outlined  with thin  reddish  zones  of 
hemorrhage.  The  bladder  is  normal.  The  peritoneum,  particularly  the  omen- 
turn,  shows a  greenish yellow staining due to the injection of the red blood cells. 
Fat  is  practically  absent  but  the  icteric  tinge  is  evident  in  all  the  tissues. 
The  liver is  a  deep  olive green  and  tough  on  section.  The  adhesions  about 
the  site  of  operation  are  quite  dense  and  firm.  The  gall  bladder  and  common 
bile  duct  contain  dark  green,  slimy  bile.  They  are  all  distended,  tense,  and 
show  thickened  walls,  but  not  to  the  extent  noted  in  the  dog  with  simple  ob- 
structive  jaundice.  The  ligatures  on  the  common  duct  are  intact  and  the  cut 
ends  separated  by  about  I  cm.  of  scar  tissue.  The  Eck  fistula  is  of  large  size. 
The  ligature on the portal vein above it  obliterates  the lumen  and no  collaterals 
enter above the ligature. 
Microscopical Examination.--The  kidneys show the usual type of  suppurative 
nephritis associated  with a  good  deal  of  hemorrhage.  The  omentum  contains  a 
large  number  of  mononuclear  phagocytes,  filled  with  greenish  yellow  granular 
pigment.  The  pancreas  is  normal.  The  liver  shows  a  definite  central  fatty 
degeneration  involving about  one third of  each  lobule.  In  these  areas  are  seen 
scattered  liver cells  showing hyaline necrosis,  but the majority of  the liver  cells 
show  intact  nuclei  and  contain  fat  droplets.  There  are  large  phagocytes  con- 
taining  yellow  pigment  in  this  same  region.  The  liver  cells  elsewhere  are 
normal.  There  is  no  increase  in  connective  tissue.  The  injury  done  by  the 
chloroform  anesthesia  in  this  case  is  obviously  very  slight. 
ECK  FISTULA.  OBSTRUCTIVE JAUNDICE. 
Dog  C-67.--Small  mongrel,  female;  weight,  12  pounds. 
May  2.  Ether  anesthesia  and  Eck  fistula  produced  as  usual.  The  common 
bile  duct  is  isolated  and  cut  between  the  two  ligatures.  The  urine  obtained 
before  operation  showed  no  bile  pigments. 
May  3.  Dog  is  in  good  condition.  Urine  contains  bile  pigments. 
May  4.  Bile  pigments  are  more  abundant  in  the  urine. 
May  5.  Pigments  are  still  more  abundant  and  feces  are  clay  colored.  The 
skin  and  mucous  membranes  show  a  definite jaundice  tinge. 
May  6.  Dog  refuses  food  and  is  given  milk  by  stomach  tube.  Bile  pig- 
ments are very abundant in the urine. 
May  6  to  16.  Condition  is  somewhat  improved  and  the  animal  eats  fairly 
well.  Bile pigments are positive in the urine.  Skin and mucous  membranes are 
definitely  jaundiced. 
May  20.  Dog  is  in  excellent  condition,  but  there  has  been  a  little  loss  of 
weight.  Conjunctivae  and  mucous  membranes  are  definitely  jaundiced.  Feces 
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May  26.  Condition  has  remained  uniform.  2  c.c.  of  urine  contain  bile  pig- 
ment  in  demonstrable  amount.  II  A.  M.  Washed  red  blood  cells  (4o  c.e.), 
laked  with  an  equal  volume  of  water,  were  given  intraperitoneally,  as  well  as 
3oo  c.e.  of  water  by  stomach  tube.  2  P.  M.  Urine  is  deep  red  in  color  and 
contains  a  large  amount  of  hemoglobin  and  the  usual  amount  of  bile  pigment. 
3  P.M.  Urine is dark red in color.  It contains a  large  amount  of  hemoglobin 
and apparently  a  little more bile pigment,  2  c.c. being used  in all tests.  5  P.  M. 
Very  dark  concentrated  urine;  bile  pigments  and  hemoglobin  are  abundant. 
May  27,  9  A.  M.  Urine  collected  during  the  night  in  the  cage  showed  a 
large  amount  of  bile pigment and considerable hemoglobin.  The  urine  obtained 
by catheterization showed a  definite increase in bile pigments above the previous 
day,  but  no  hemoglobin. 
May 28.  Animal is in fair condition.  Bile tingeing is marked  in the mucous 
membranes  and  skin.  Urine  contains  bile  pigments  in  the  usual  amount. 
Hemoglobin is absent.  Feces  are clay colored.  Weight,  8  pounds. 
May 29.  Animal found in convulsions.  II  A.M.  Ether anesthesia and bled 
from  carotid.  The  blood  serum  gives  a  strong  test  for  bile  pigment.  Feces 
present in the large  intestine are  clay colored  and give negative tests  for  stereo- 
bilin. 
Autopsy.--Performed  at once.  All the body  tissues,  the subcutaneous tissues 
particularly,  show  definite  bile  tingeing.  The  thorax,  heart,  lungs,  spleen,  and 
kidneys  are  normal  except  for  icterus.  The  bladder  shows  a  very  slight grade 
of  cystitis.  The peritoneum  shows  some  brownish yellow  staining,  seen  best  in 
the omentum, due to the injection of  red blood cells.  There are a  few  adhesions 
about  the  site  of  operation.  The  gall  bladder  and  common  ducts  are  greatly 
dilated and quite tense.  The common duct measures  1.5 cm. in diameter.  It con- 
tains  bright green  bile.  The  liver is  deep  brown,  rather  translucent,  and  tough 
on  section.  The  lobulation is even.  The Eck  fistula is wide  open,  and its edges 
are  smooth.  The  ligature  on  the  portal  vein  above  the  fistula  completely  oc- 
cludes  the  lumen.  Careful  dissection  shows  a  tiny  venule  running  into  the 
gastrohepatic omentum entering the portal vein above the ligature.  The stomach 
is  full of  food.  The intestine contains pasty,  clay colored  feces,  and the mucosa 
is  normal  throughout. 
Microscopical Examination.--The  kidneys  and  spleen  are  normal.  The  liver 
lobules  are of  about normal  size.  There  seems  to  be a  little atrophy of  the cell 
columns  in  the  center  of  the  lobules,  and  here  the  bile  canaliculi  are  con- 
spicuous  and  dilated  with  the  usual  yellowish  green  colloid.  There  is  a  slight 
increase in connective tissue about the portal  spaces.  Some  of  the lobules  show 
a  little fatty degeneration. 
ECK FISTULA.  EXTIRPATION OF THE  SPLEEN. OBSTRUCTIVE  3AUNDICE. 
Dog C-55.--Black mongrel, male; weight, 27 pounds. 
June 6.  Ether anesthesia and Eck fistula  established  in the usual way.  The 
spleen was extirpated at the same time and the common bile  duet doubly ligated 
and cut between the ligatures. The urine obtained after  the operation (IO e.e.) 
was negative for bile pigments. 
June 7.  Dog  is in good condition.  The urine  is very dark and  concen- 
trated.  It contains no hemoglobin but abundant bile pigments. 608  Hematogenous  and  Obstructive  Icterus. 
June  8  and  9.  Bile  pigments  are  present  in  the  urine  in  large  amounts. 
Urine  collected  from  a  clean  metabolism  cage  was  used  in  all  the  tests  in  this 
experiment  and the bile pigments  were  constantly present  in  5  c.c.  of  urine. 
June  I3.  The skin and mucous  membranes show  a  definite jaundice.  Stools 
are  clay  colored.  Tests  for urobilin are  negative.  The  bile pigments  are  abun- 
dant  in  the urine. 
June  I5  to  21.  Animal  is  in  good  condition,  and  bile  pigments  are  con- 
stantly  present  and  easily  demonstrated  in  5  c.c.  of  urine. 
June 24.  Weight, 27~  pounds.  Condition has remained the same.  The mu- 
cous  membranes  and  skin are  definitely jaundiced. 
June  29  to  July  6.  Condition  remains  the  same.  Dog  eats  vigorously  and 
feces  remain  clay  colored. 
July 8.  The jaundice  seems to be less  marked  in  the  skin.  The urine shows 
bile pigments. 
July  Io  to  19.  Condition  remains  stationary.  The  skin  is  still yellowish  in 
color,  and bite pigments are constantly present in the urine.  Weight, 26 pounds. 
July  22.  Urine  is  dark  and  concentrated  and  contains  bile  pigments.  The 
stools  are  dry and  clay  colored.  The  tests  for  stercobilin  are  strongly  positive. 
July  23.  Ether  anesthesia  and  bleeding  from  the  carotid.  Blood  serum 
(50  c.c.)  gives  a  positive test  for  bile  pigments.  7o  gm.  of  omental  fat  give  a 
positive  test  for  bile  pigments.  I2  c.c.  of  urine  taken  from  the  bladder  at 
autopsy give a  strong test  for bile pigments. 
Autopsy.--Performed  at  once.  The  thorax,  heart,  lungs,  pancreas,  and  kid- 
neys  are  normal.  The  stomach  and  duodenum  contain  definitely  bile-stained 
fluid  and  this  material  gives  a  positive  test  for  bile  pigments.  The  bile  papilla 
and  distal portion of the common  duct contain definitely bile-stained, viscid  ma- 
terial.  The  common  duct has been cut  across  and the  ends  separated  a  distance 
of  about  o.5  cm.  The  ligatures  which  closed  the  duct  are  found  embedded  in 
the  wall.  There  is  a  definite  fistula  with  a  smooth  lining which  communicates 
between  the  upper  and  lower  parts  of  the  common  bile  duct,  establishing  com- 
munication  and  permitting  a  slow  escape  of  bile  under  pressure  into  the  duo- 
denum.  The  common  bile  duct  above the  ligature  is  dilated  to  about  2  cm.  in 
diameter,  and  its  wall  is  thickened.  The  gall  bladder  also  is  dilated  and  thick- 
ened  and  contains dark,  viscid  bile. 
The  Eck  fistula  is  of  small  size  but  remained  wide  open.  The  portal  vein 
was  not  completely  closed by the  ligature above the fistula and  there  was  a  tiny 
pin  point  opening  due  to  the  fact  that  the  intima  had  not  been  crushed  by  the 
ligature.  There are no collaterals above the ligature.  Obviously a  small amount 
of  portal  blood gained  entrance to  the  liver. 
Microscopical Examinations.--The  kidney  is  normal.  The  liver  lobules  ap- 
pear  normal,  and  there  is  a  slight  increase  in  connective  tissue  in  the  .portal 
spaces,  where  one  sees  an  accumulation  of  mononuclear  wandering  cells.  The 
bile  canalicnli,  particularly  in  the  centers  of  the  lobules,  are  conspicuous  and 
distended  with  a  yellow  colloid-like  substance. 
The  five  preceding  experiments  show  that  after  an  Eck  fistula 
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ably cause the appearance  of bile  pigments in  the  urine.  A  mild 
grade of icterus develops in the next few days and remains constant 
during the remainder of the experiment.  The amount of bile pig- 
ments in the urine and the degree of icteric pigmentation is  much 
less  in  Eck  fistula  dogs  than  in  normal  animals,  but  it  is  distinct 
and definite. 
This observation does not agree with that of Voegtlin and Bern- 
heim,  who  state  that  bile  pigments  are  usually  absent  and  that 
icterus never develops under such conditions.  In the three experi- 
ments cited in their report, two of the dogs died from a large abscess 
devel,  oping in the hepatic region, and it is possible that this process 
may have modified the results.  In their third experiment no state- 
ment is made concerning the condition of the gall bladder and ducts 
above  the  obstruction,  and  no  tests  were made  for  stercobilin  to 
exclude the possibility of the duct having established its continuity 
in the way observed in two of the preceding experiments  (dogs C- 
Io  and  C-55 ).  They state  that  "the blood  of the  hepatic  artery 
alone is  sufficient for bile  formation."  What becomes of this  pig- 
ment when the common duct is obstructed?  Our experiments show 
that  the bile  pigments  escape  in  the  urine and  stain  the tissues  as 
usual, although much less intensely than in the normal dog. 
As the liver of an Eck fistula dog excretes less bile than a normal 
liver, it is to be expected that obstruction will cause less icterus and 
less bile pigment excretion in the urine.  It seems obvious that the 
Eck fistula liver,  being supplied  with  only one  fourth of its  usual 
blood  volume,  should  secrete  less  bile  and  less  bile  pigments,  and 
the observations bear this out.  The  icterus is  less definite and the 
bile  pigments are presumably less abundant  in  the tissues.  But  if 
the  bile pigments  are  formed solely  from broken  down  red blood 
cells,  from hemoglobin, how  is  this to be explained ?  There is  no 
evidence that  in  a  normal  animal  more  red  blood  cells  are  being 
destroyed than in an Eck fistula dog where the bile pigment excre- 
tion is  so much diminished.  When the liver is  injured by chloro- 
form, the ieterus resulting therefrom varies in general directly with 
the amount  of  cell necrosis,  but  it  follows  in  a  dog  with  an  Eck 
fistula as in a  normal animal.  We must explain this n,  ot by a  capil- 
lary obstruction, but by a hemolysin (Joannovics)  derived from the 610  Hematogenous  and  Obstructive  Icterus. 
injured  liver  cells.  This  hemolysin is  as  active  in  an  Eck  fistula 
dog as  in  a  normal dog,  indicating no  increased  resistance  on  the 
part of the red corpuscles of the Eck fistula dog. 
In  order to  explain this  lowered output  of bile  pigments by the 
Eck  fistula liver  it  seems necessary to  assume that  the production 
of  bile  pigments  may  depend  not  wholly  upon  blood  destruction, 
but  may depend in  part  upon the  activity of  the  liver  epithelium. 
It is possible that the normal liver cells can form bile pigments under 
normal conditions out of substances  not derived  from hemoglobin. 
How else can we explain the great decrease in the formation of bile 
pigments  in  the  Eck  fistula  liver  where  the  red  blood  count  and 
hematopoietic  apparatus  are  normal  and  we  are  dealing  with  an 
atrophic  liver  supplied  with  only about  one  quarter  of  its  normal 
blood volume ? 
There  is  additional  evidence in  favor  of  this  view,  as  brought 
out  by Sprunt  working in this  laboratory.  He  called  attention  to 
the fact that in hemochromatosis there is  an enormous overproduc- 
tion of iron-free and especially of iron-containing pigments with no 
involvement of  the hematopoietic apparatus.  The  liver  especially 
contains masses of this pigment, but there is  no evidence of blood 
destruction and  no  anemia.  One  is  forced to  the  conclusion that 
due to  some perverted activity of the gland  cells,  there  is  a  great 
overproduction of the pigments which must be  formed from some 
other  substance  than  hemoglobin.  This  supports  the  theory that 
the liver may be able to  form bile pigments  from substances  other 
than  hemoglobin. 
SUMMARY. 
Normal  and  Eck  fistula  dogs  react  in  a  similar manner to  the 
intravenous injection of hemoglobin obtained  from laked  red cells 
of the same animal.  Hemoglobin appears  in the urine after a  few 
minutes and bile pigments in one to one and one half hours.  In this 
simple  type  of  hematogenous jaundice  the  reaction  is  in  no  way 
influenced by shutting out the portal blood from the liver and cutting 
down its blood supply to about 2 5 per cent. of normal. 
In a  second type of hematogenous jaundice produced by chloro- 
form anesthesia,  which produces central liver necrosis,  there is no 
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Eck fistula dog, as a  rule, is more resistant to this poison, but, given 
a  definite liver necrosis, the jaundice developing will reach its maxi- 
mum .on the second day as in the normal animal.  This jaundice must 
be explained  in part by capillary biliary obstruction,  but in  part  by 
a hemolysin formed in the injured liver cells (Joannovics and Pick). 
Simple obstruction of the common  duct when  combined with  an 
Eck  fistula gives  rise to a  definite  low grade  icterus  with  bile  pig- 
ment constantly present in the urine.  Under these conditions  after 
doubly ligating and cutting the common duct with separation of the 
cut  ends,  the  lumen  of  the  duct  may be  established  and  bile  may 
enter the intestine by means of a fistulous tract between the cut ends 
of t'he bile duct. 
The  formation  of bile  and bile pigments  is much less  in  an  Eck 
fistula  dog  than  in  a  normal  animal  and  consequently the  icterus 
is much less intense.  This is probably due to a  lessened activity of 
the  liver cells because of decreased blood supply. 
This  observation does not harmonize  with  the  current  view that 
bile  pigments  are  formed  solely  from  hemoglobin,  as  there  is  no 
evidence of more hemolysis in a  normal than  in an Eck fistula dog. 
This  suggests  that  the  bile  pigment  may be  formed  in  part,  at 
least, from other substances than hemoglobin, and,  further,  that bile 
pigment formation normally may depend in part upon the functional 
activity ,of the liver cell rather than upon the amount of hemoglobin 
supplied to it. 
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